Acute kidney injury (AKI) has multiple and various causes across the pre-, peri-and post-operative time periods.
serum creatinine concentration of above 50 % or oliguria of < 0.5 ml/kg per hour for more than six hours by the AKIN diagnostic criteria. Typically, serum creatinine is used to identify decreases in post-operative renal function. However, this use of serum creatinine has several problems. Serum creatinine increases long after renal functional declines, and this increase occurs at different times depending on the baseline renal function. 5 An additional problem is that the defining criteria for AKI based on serum creatinine are varied. 5 Additionally, after surgery, the incidence of AKI determined using creatinine is too low to identify the risk factor for post operation AKI.
Subclinical AKI is defined as positive biomarkers for AKI that are not satisfied by the risk-injury-failure-loss-end-stage renal disease (RIFLE) criteria. 6 It is also a bad prognosis of renal function. 7 NGAL is a biomarker of renal function. NGAL is a protein that is expressed in neutrophils and the epithelium of renal tubules, and it increases significantly during AKI. 8 The usefulness of NGAL as an indicator for AKI in post-operative cardiac surgery patients in the ICU and in contrast media has previously been demonstrated. 9, 10 However, because of the low incidence of AKI, as determine using creatinine, it is not relevant to determine the usefulness of NGAL with RIFLE criteria.
Therefore, we assessed renal function decreases following non-cardiac surgery according to the NGAL and serum creatinine levels using the definition of subclinical AKI.
MATERIALS AND METHODS

Study design
We evaluated the pre-operation, 4-hr post-oper- Hospital and is registered at clinicaltrial.gov.
Statistical methods
Student's t-tests were performed for continuous variables, and chi-square tests were performed for categorical variables. Paired t-tests were performed for the NGAL and serum creatinine levels.
The risk factors for subclinical AKI and progress of renal dysfunction after surgery were also tested using multiple logistic regressions. A two-sided P-value was used for all statistical analyses, and the level of statistical significance was set at P < 0.05.
All statistical analyses in this study were per- 
RESULTS
Baseline characteristics
The study included a total of 41 patients. The Table 1 .
2. Changes in serum NGAL and serum creatinine levels after surgery and the incidence of subclinical AKI were determined. The pre-operative serum creatinine was 1.55 ± 1.07 mg/dL, the 4-hr post-operative serum creatinine was 1.47 ± 1.07 mg/dL, and the 12-hr post-operative serum creatinine was 1.53 ± 1.06 mg/dL ( Table 2 ). The change in serum NGAL and serum creatinine concentration with the standard error at the time after operation is shown in Figure   1 . The serum creatinine concentration was decreased 4hours after surgery and increased 12 hours after surgery. The serum NGAL concentration was decreased after 4 hours and continued to decrease after 12 hours.
The incidence of subclinical AKI as determined by serum NGAL
The average serum NGAL and creatinine concentration of the patients 12 hours after surgery is reduced and deterioration of the renal function of the average patients did not observed. But subclinical AKI finding risen above 450 of NGAL was observed. The incidence of subclinical AKI as determined using the 4-hr serum NGAL level was 10(24.4%), and the 12-hr serum NGAL was 4(9.8%).
And the AKI findings have been observed in patients with creatinine rise of 9.8% at 12 hours after surgery.
The elevation of NGAL was more rapid than the serum creatinine 4 hours after the operation ( Fig. 2)( Table 2 ). Values are presented as mean ± standard deviation and number (%). OP : operation; NGAL : neutrophil gelatinase-associated lipocalin; AKI : acute kidney injury. Table 2 . Serum NGAL, creatinine on 4, 12 hours after the operations and the incidence of subclinical acute kidney injury as judged by sesrum NGAL.
DISCUSSION
Confirming post-operative renal function decline
and muscle percentage. 15 Therefore, the use of serum creatinine to confirm post-operative AKI has many drawbacks. However, because NGAL levels increase more rapidly following decreases in renal function, NGAL has the advantage of quickly indicating AKI. 16 Previously, it was confirmed that NGAL is advantageous for the diagnosis of AKI compared to serum creatinine following cardiac surgery, during ICU care, and in contrast nephropathy. 8, 9 However until now, studies of the diagnosis of AKI based on NGAL in non-cardiac surgery patients have been unsuccessful. We pro- The current known risk factors for post-operative renal dysfunction are diabetes, age greater than 56 years, male gender, intraperitoneal surgery and hypoalbuminemia. 17, 18 We also assessed the risk factors for AKI in the incidence of subclinical acute AKI, including the elevation of creatinine concentration at 6months and 12 months; however, we did not find any factors for these risks. 
Subclinical AKI and prognosis
Limitations of the study
We did not compare AKI patients who were diagnosed with the NGAL to AKI patients who were diagnosed according to the existing diagnostic criterion, which is based on the creatinine level.
Moreover, the number of patients in this study was low.
